This paper studies the great collapse in value added trade using a structural decomposition analysis. We show that changes in vertical specialisation accounted for almost half of the great trade collapse, while the previous literature on gross trade has mainly focused on final expenditure, inventory adjustment and adverse credit supply conditions. The decline in international production sharing during the crisis may partially account for the observed decrease in global trade elasticities in recent years. Second, we find that the drop in the overall level of demand accounted for roughly a quarter of the decline in value added exports while just under one third was due to compositional changes in final demand. Finally, we demonstrate that the dichotomy between services and manufacturing sectors observed in gross exports during the great trade collapse is not apparent in value added trade data. 
Non-technical summary
Trade is generally known to be more volatile than GDP growth even though standard economic models suggest that they move in unison. Nevertheless, the magnitude of the decline in world trade still posed a major puzzle to economists and became known as the great trade collapse. Numerous studies have looked into the factors behind the great trade collapse and the consensus that has emerged is that it can be mainly attributed to changes in final expenditure, inventory adjustments and adverse financial conditions. This paper differs from the previous literature in two important aspects. First, we focus on value added trade instead of gross trade flows. Value added trade captures in which country the particular parts of a final good were actually produced. Value added trade flows can differ substantially from gross trade flows due to trade in intermediate goods which are used as inputs to produce final goods. This is because an intermediate good, such as a subcomponent of a car engine, might cross several international borders until the final good, such as a car, is purchased by a client abroad. Second, the use of yearly global input-output tables from the World Input Output Database (WIOD) allow us to consider changes in the international organisation of production as an additional explanatory factor of the great trade collapse.
An increase in sourcing from domestic suppliers to the detriment of international suppliers would provide an amplifying mechanism of the decline in final demand and reduce the volume of international trade for every dollar spent on final goods and services.
Our first contribution is to show that changes in international production sharing accounted for almost half of the great trade collapse. While the level of final expenditure almost completely recovered in the first year after the crisis, the degree of international production sharing had still not regained its pre-crisis level by 2011. Additional analyses indicate that changes in the input mix were a widespread phenomenon not limited to particular sectors or economies. We argue that price changes, inventory adjustments, intra-sectoral composition effects and increases in protectionism were unlikely to be the main driver for the observed alteration in international production sharing in 2009. Second, the global nature of our dataset and the use of a decomposition framework allow us to quantify the compositional changes in final demand that have been proposed in the previous literature. We find that the drop in the overall level of demand accounted for roughly a quarter of the decline in value added exports while just under one third was due to compositional changes in final demand. We identify a novel compositional factor of quantitative importance which captures the fact that demand for goods and services of countries with a strong degree of cross-border linkages declined most. Our third contribution is to highlight a strong discrepancy in the changes of services and manufacturing trade between gross and value added trade flows. For gross exports, the consensus that has emerged is that exports of durables were particularly affected while services trade proved very resilient during the great trade collapse. In contrast to the findings on gross exports, we demonstrate that for value added trade all sectors were hit hard by the financial crisis and that the dichotomy between services and manufacturing sectors observed in gross exports is not apparent in value added trade data. This highlights that services sectors that are suppliers of inputs to direct exporters are likely to be much more vulnerable to external shocks than is generally acknowledged.
Introduction
The consensus that has emerged on the great trade collapse is that it can be mainly attributed to changes in final expenditure (Bems et al., 2011 Bussière et al., 2013; Eaton et al., 2011) , inventory adjustment (Alessandria et al., 2013 (Alessandria et al., , 2011 Altomonte et al., 2012) and adverse credit supply conditions (Bricongne et al., 2012; Behrens et al., 2013; Chor and Manova, 2012) . The literature -reviewed comprehensively by Bems et al. (2013) -has focused exclusively, with the exception of Bems et al. (2011) , on gross trade flows. For gross exports different features of the final demand composition were important determinants of the great trade collapse (Bems et al., 2013) , although their exact contributions have not been quantified. Particular attention has been paid to shifts in the demand for different types of exports such as durables and services Bems et al., 2010 Bems et al., , 2011 Eaton et al., 2011) linked to differences in the import intensity of demand components, such as investment and consumption (Bussière et al., 2013) as well as inventories (Alessandria et al., 2011 (Alessandria et al., , 2013 . Remarkably, services trade proved very resilient during the great trade collapse and in some services sectors trade even continued to increase (Mattoo and Borchert, 2009 ). Durables were particularly hard hit during the crisis while non-durables were much less affected (Levchenko et al., 2010; Bems et al., 2013) . For example, Behrens et al. (2013) find that for the case of Belgian consumer durables exports dropped by 36% while exports of nondurables only decreased by 2%. Vertical specialisation is thought to have contributed to the magnitude of the decline in gross trade only in the sense that demand for sectors with a strong degree of cross-border linkages (and hence trade in intermediate goods) declined most (Bems et al., 2011) .
Due to data constraints previous studies suffer from two shortcomings. First, they focus on gross trade instead of value added trade and, second, they assume that the extent of vertical specialisation remained fixed during the crisis. Gross trade figures inflate the volume of trade due to foreign value added and double counting terms (Koopman et al., 2014) . In contrast, value added measures of trade arguably better reflect the existence of bilateral trade imbalances (Nagengast and Stehrer, 2014) , the need for relative price adjustment (Bems, 2014) and which countries benefit from trade in terms of income and employment (Foster-McGregor and Stehrer, 2013; Timmer et al., 2013) . Therefore, in order to gauge the overall economic significance of the great trade collapse it seems more appropriate to consider value added instead of gross trade data. Regarding the role of vertical specialisation, assuming a constant organisation of international production sharing implicitly excludes an additional explanatory factor of the great trade collapse. In order to separate the contributions of potential explanatory factors, our paper contributes to the literature on the methodological side by using a detailed structural decomposition analysis framework.
An increase in sourcing from domestic suppliers to the detriment of international suppliers would provide an amplifying mechanism of the decline in final demand and reduce the volume of international trade for every dollar spent on final goods and services. This is particularly important in the context of the growth slowdown in global trade relative to GDP growth that has been observed in recent years (Constantinescu et al., 2015; Ferrantino and Taglioni, 2014) . A decline in international production sharing therefore might have played a role both for explaining the great trade collapse as well as partially account for the decrease in global trade elasticities.
In this study, we attempt to fill this gap in the literature by considering value added trade data for the years 2000 to 2011 derived from the World Input Output Database (Dietzenbacher et al., 2013) 
(WIOD).
WIOD is particularly well suited for analysing changes in the international sourcing structure since its global input-output tables are derived from annual supply and use tables and they are not based on interpolated national input-output tables in reference years. We use a structural decomposition analysis (Miller and Blair, 2009; Dietzenbacher and Los, 1998) which allows us to quantify the contributions of changes in the structure and level of final demand as well as the organisation of international production sharing to changes in world value added trade. Our first contribution is that we show -by relaxing the constancy assumption of vertical specialisation -that changes in (international) production sharing accounted for almost half of the great trade collapse. Second, we propose a novel decomposition of changes in final demand that renders it possible to estimate the effect of a variety of compositional changes. The global nature of our dataset and the use of a decomposition framework allow us to put a number on the contribution that compositional changes made to the decline in trade during the crisis. We find that the drop in the overall level of demand accounted for roughly a quarter of the decline in value added exports while just under one third was due to compositional changes in final demand. In addition to the well-known goods and component specific demand changes, we identify a third compositional factor of quantitative importance which captures the fact that demand for goods and services of countries with a strong degree of cross-border linkages declined most. Our third contribution is that we demonstrate that the dichotomy between services and manufacturing sectors observed in gross exports during the great trade collapse is not apparent in value added trade data.
The rest of the paper is structured as follows. Section 2 describes the basic structural decomposition analysis and its variants used in the main text. Section 3 presents our empirical results and Section 4 discusses potential explanations of our main findings. Section 5 concludes.
Methodology

Value added trade
Value added exports of country i, VAX i , are defined as value added of country i, which is absorbed in final demand abroad (Johnson and Noguera, 2012) , 
After computing value added exports of individual sectors the results were grouped into 10 different sectoral classes for the sake of brevity. 
Structural decomposition analysis
The aim of structural decomposition analysis is to provide an additive decomposition of a matrix product y composed of n-terms into contributions of its individual factors x i (Miller and Blair, 2009 ). Changes in world value added exports can be decomposed into changes in the value added coefficients vector, ∆v, the Leontief matrix, ∆L, and final demand vector, ∆f .
3 The decomposition of the matrix product y is non-unique and in theory there are n! possible decomposition formulas of which we report the mean as suggested by Dietzenbacher and Los (1998) . For additional decompositions of the factors L and f we exploit the hierarchical structure of the problem in order to reduce the computational burden and to ensure that the introduction of additional factors at lower levels does not change the contribution of factors at higher levels (Chen and Wu, 2008) . See Koller and Stehrer (2009) for a detailed discussion and specifics on the implementation of hierarchical structural decomposition analysis. Decompositions were performed for annual changes for the time period from 2000 to 2011, and the arithmetic mean of annual contributions was calculated where indicated. All decompositions are straightforward applications of the single-country structural decompositions described in Miller and Blair (2009) to the multi-country case of global input-output tables with the exception of the final demand decomposition in Section 2.2.1, which requires a moderate extension before it can be applied to a multi-country setting.
Decomposing changes in final demand in global input-output tables
Here, we extend the final demand decomposition for a single country described in Miller and Blair (2009) to a global setting with demand in C countries that in addition can be distributed across goods and services from C different countries. In the one-country case, final demand is disaggregated into the overall 3 Note that strictly speaking ∆v and ∆L are not independent, since if a given sector outsources a certain production step to another sector (in the same country or abroad), ceteris paribus, this will lead to a decline in the according entry in v (and an increase of the same magnitude in the according entry in A). See Dietzenbacher and Los (2000) for a detailed exposition of this issue.
level of demand, the final demand mix across demand categories 4 and the final demand distribution across different sectors. In a global setting two additional dimensions need to be considered. First, the overall level of final demand is due to demand in different countries and therefore the final demand country mix also needs to be taken into account. Second, once final consumers have determined which kind of product to acquire (sectoral distribution), they also need to decide from which of the C countries a given product should be purchased depending on relative prices and quality. This is captured by the final demand country market share distribution.
5
In a global input-output model with S sectors and C countries differentiating P categories of final demand let f t ipsj record the amount of expenditure by demand category p in country i on the product of sector s in country j in year t. In the following time superscripts are suppressed for the sake of readability.
is a scalar capturing the overall world level of final demand.
is the (C × 1) vector capturing the final demand country mix, i.e. how the overall world level of final demand is distributed across countries.
is the (P × C) matrix capturing the final demand component mix, i.e. how the country level of final demand is distributed across individual demand components.
. . .
is the (S × P ) matrix capturing the final demand sectoral distribution, i.e. how the final demand of the different demand components is distributed across products of individual sectors.
is the (SC ×S) matrix capturing the final demand country market share distribution, i.e. how final demand expenditure on individual sectors is distributed across different countries. With the above definitions, the overall final demand vector f can be written as the five-factor product
Multiplier decomposition of ∆L
Changes in L can be due to changes in the national and international sourcing structure of a given sector.
In order to take this distinction into account, we decompose L into three factors L = M 3 M 2 M 1 , where M 1 captures intra-country effects, M 2 contains inter-country effects and the matrix M 3 records intercountry feedback effects capturing the interaction between M 1 and M 2 . (Round, 1985; Dietzenbacher, 2002) . The structure of the matrices M 1 , M 2 and M 3 is given below following the exposition in Miller and Blair (2009) . Changes in intra-country and inter-country elements in A can be distinguished by noting that
A captures the national sourcing structure of a given sector, while (A −Ã) reflects the origin of its internationally sourced inputs. Hence, intra-country effects are computed as
For the other two factors the following definition will be useful.
Then, inter-country effects, M 2 , can be calculated as
The interaction between intra-country and inter-country effects, M 3 , is computed as
For a derivation and a detailed discussion of the different factors see Miller and Blair (2009) and the references therein.
Decomposition of ∆L -the sectoral and country dimension
An alternative decomposition of L considers the sectoral and country dimension of the international sourcing structure. It splits A into contributions of individual sectors in different countries, i.e. it captures from which sector and country a given sector s obtains its intermediate inputs. In this manner the contribution of sourcing changes in individual sectors to the economy-wide sourcing changes can be determined. Note the difference between this decomposition and the analysis of sectoral value added exports described in equation (1). Sectoral value added exports of sector s describe the monetary amount of value added of sector s, which is absorbed in final demand in countries other than the country of production. They are affected by changes in the sourcing structure of all sectors, since value added of sector s can enter into the production of intermediate and final goods of any sector. In turn, changes in the sourcing structure of sector s can in theory have an impact on sectoral value added exports of all sectors.
The sectoral decomposition of ∆L follows the exposition by Miller and Blair (2009) . As a first step, note that ∆L is related to changes in the global input-output coefficient matrix A in the following way
∆A can then simply be disaggregated into changes in individual sectors of different countries
represents the technology change of sector s in country c and a ijsc is the technical coefficient capturing the value of sector i in country j that enters production of sector s in country c necessary to produce 1 unit of output. In order to assess contributions to L from changes in sector s irrespective of the country or changes in country c irrespective of the sector the value added exports saw a very strong decline and fell by almost one fifth. The two years after the crisis saw a cyclical rebound of value added exports with exceptionally high growth rates in comparison to pre-crisis years (16.1% and 14.6%). In a first step, we use a structural decomposition analysis to assess which of its three basic building blocks contributed to the overall change in value added trade: ∆v captures changes in the value added content of production, ∆L represents changes in the structure of international production sharing and ∆f records changes in final demand. Figure 1 shows that in an average year before the crisis growth in value added trade (11.4%) was to a large extent driven by changes in final demand (9.6pp). Increased (international) production sharing 6 contributed substantially less (2.6pp), while the decline in the sectoral value added content -corresponding to outsourcing of value creation to other sectors -put a drag on the growth of value added trade (−0.8pp). In stark contrast, changes in (international) production sharing explained just under half (−8.5pp) of the decline in value added exports in 2009 (−18.3%). Demand factors were still the most important (−10.8pp) although their relative significance was smaller than in previous years (59% vs. 84% of the change in value added trade).
During the crisis, the share of value added generated within a given sector increased slightly (from 48% to 49%). During the recovery years the relative contribution of all three factors was similar to pre-crisis years. While the drop in final demand was almost completely compensated for in the first year after the crisis, the degree of (international) production sharing had still not regained its pre-crisis level by 2011.
Our focus on value added trade, which precludes the influence of double counting terms, demonstrates that changes in vertical specialisation have played a substantial role during the great trade collapse over and above demand effects (Bems et al., 2011) .
3.1.1 Contribution to changes in international production sharing (∆M 1 , ∆M 2 and ∆M 3 )
In general, changes in international production sharing, ∆L, can be due to changes in both the national and international sourcing structure of a given sector. In order to disentangle these two effects, we perform an additional decomposition of ∆L into three factors ∆M 1 , ∆M 2 and ∆M 3 . ∆M 1 captures changes in the intra-country sourcing structure of sectors, ∆M 2 reflects changes in the inter-country sourcing structure and ∆M 3 records inter-country feedback effects due to the interaction between the first two factors.
7 Table 1 shows that before the crisis the biggest contribution to changes in international production sharing came from the inter-country effect (∆M 2 = 1.7pp) and the interaction term (∆M 3 = 0.9pp).
This suggests that the relocation of production abroad and the consolidation of cross-border production chains was a significant factor for the growth in value added trade before the crisis (Baldwin, 2011) . The reorganisation of production within countries played a negligible role for explaining changes in value added trade. During the great trade collapse inter-country linkages were strongly reduced (∆M 2 = −6.5pp)
while the intra-country effect somewhat cushioned the drop in value added trade (∆M 1 = 1.7pp). This means that on average sectors increased the relative share of intermediate inputs sourced from national suppliers at the expense of intermediates purchased from international suppliers. The interaction effect also shows a strong negative contribution (∆M 3 = −3.6pp) during the crisis indicating that in the aggregate the negative inter-country effect prevailed over the positive intra-country effect. Overall this suggests that the negative contribution of ∆L during the great trade collapse was mainly driven by changes in international production sharing.
7 ∆M 3 involves second round and higher-order effects that involve both the domestic economy as well as all other countries in the dataset, which is why a complete separation between intra-country and inter-country effects cannot be achieved.
Production changes in which sector and which country?
Since modifications in global value chains were such an important factor for the great trade collapse, the question arises whether altered sourcing decisions were a widespread phenomenon or a characteristic of specific economic sectors or countries only. Table 2 details the contribution of sourcing changes in ten sectoral aggregates to the overall change in value added trade in percentage points. During the crisis changes in production sharing in all sectoral aggregates reduced world value added trade. The absolute magnitude of the changes were larger than in an average year before the crisis suggesting that the crisis impacted sourcing decisions of firms in all sectors to a large extent. While it is true that certain sectors such as medium-low technology and medium-high and high technology contributed relatively more to changes than others, these sectors also showed greater sourcing dynamics before the crisis. Table 3 lists the contribution of changes in vertical specialisation to the overall change in world value added trade in percentage points. Note that since our analysis considers changes in world value added trade, contributions of countries with a small world market share are expected to be smaller than those of countries with bigger world market shares. During the great trade collapse changes in the input mix in all countries except Ireland reduced world value added trade. Some countries such as the United States, Japan, China and Germany showed substantially higher contributions to changes in vertical specialisation.
However, these are also the countries with the highest world market share in value added trade and hence changes in their sourcing structure are expected to have a relatively larger impact on world value added trade.
Overall, this suggests that changes in the input mix of production were a widespread phenomenon not limited to particular sectors or economies. In Section 4 we provide a detailed discussion of factors that might be driving the observed contribution of ∆L to the decline in value added trade in 2009. 
The role of level and composition of final demand
For gross exports it has been shown that changes in the composition of final expenditure were an important determinant of the great trade collapse although its exact contribution has not been quantified (Bems et al., 2011) . Using a global input-output framework allows us to estimate the share of the great trade collapse due to changes in the structure and level of final demand. Here we present the results of a novel decomposition that splits final demand into the five subsequent factors: (1) the overall level of final demand, (2) the mix of countries that contribute to the overall level of demand (country mix ), (3) the mix of final demand across different demand components such as investment and private consumption (component mix ), (4) the distribution of goods and services across different demand components (sectoral distribution) and (5) the distribution of country market shares by sector (country market share distribution).
(1) represents pure changes in the level of final demand, while (2)- (5) (4) and (5) capture the value added source -i.e. from which sector in which country (e.g. automobiles from Germany). The aggregate results of the decomposition are presented in Figure 2 . In addition, we delineate i) which demand components were behind changes in the component mix (Table 4) , ii) for which goods and services demand declined most (Table 5 ) and 
iii) which countries contributed to changes in the country market share distribution (Table 6 ). In an average year before the crisis almost the entire final demand contribution to growth in value added trade derived from increases in the overall level of final demand in parallel with strong world economic growth (Figure 2 ). The only other significant contribution came from the country market share distribution (1.5pp), which reflects gains in export market shares of countries such as China and other emerging countries to the detriment of Japan and the United States which are less strongly integrated in global value chains (Table 6 ). During the great trade collapse the drop in the overall level of demand accounted for roughly a quarter of the decline in value added exports (−5.1pp) while just under one third (−5.7pp) was due to compositional changes in final demand. Changes in the component mix (−2.0pp) and the sectoral distribution (−2.1pp) played an important role. With regard to the component mix, 
the share of investment and inventory demand declined substantially relative to that of household and government consumption during the crisis (Table 4) . This led to a decline in world value added trade since the latter have a lower import content than the former. The sectoral distribution of demand also changed markedly during the trade collapse as the share of demand declined in all sectoral aggregates relative to demand in construction, non-market services and business services (Table 5) . Demand for medium-low technology as well as medium-high and high technology goods dropped strongly both of which have a very high import content. Overall, our results on the importance of the strong decline in investment and inventories as well as the large decrease in the demand for durable goods in explaining the collapse in value added trade mirror the findings from the literature on gross trade (Bems et al., 2013) . A new important compositional factor that emerges is the country market share distribution which contributed about one tenth (−1.9pp) to the great trade collapse. This reflects the fact that the crisis particularly affected demand for goods and services of economies that are highly integrated in cross-border production chains such as EU countries (Table 6 ). The year after the crisis saw an immediate rebound of the overall demand level that more than offset the drop during the great trade collapse. The sectoral distribution and (Table 4 ). The prolonged crisis was also reflected in the country market share distribution which did not recuperate in the year after the crisis and even showed a further decline in 2011. This was mainly due to a continuing decrease in the demand share of many European Union countries in 2010 and even 2011 reflecting the reverberations of the sovereign debt crises in the euro area.
Sectoral value added exports
Another question that needs to be addressed is how value added exports of different sectors fared during the financial crisis. For gross exports, the consensus that has emerged is that exports of durables were particularly hard hit while non-durables and services were much less affected (Levchenko et al., 2010; Bems et al., 2013) . Bems et al. (2011) arrive at the same conclusion for value added trade based on a global input-output table constructed from national input-output tables and bilateral trade data from 2004. However, in the light of our results on the changes in international production sharing a constant input-output structure along with the use of only three aggregated composite sectors does not appear to be an innocuous assumption. Table 7 shows the percentage changes in sectoral value added exports and the corresponding contribution of changes in value added content, international production sharing and final demand factors as a percentage of the total change. In an average year before the crisis nominal ECB Working Paper 1833, July 2015
value added exports of almost all sectors grew with two-digit figures while the mining and utilities sector -likely also due to price increases -even reached growth rates of almost 22%. In contrast to the findings on gross exports, all sectors were hard hit by the financial crisis and in no sector did value added exports decline by less than 11.8% (Figure 3 ). While value added exports fell particularly strongly in the mediumlow technology sector (-24.8%), the dichotomy between services and manufacturing sectors observed in gross exports is not apparent in value added trade data.
8 Table 7 : Decomposition of change in world value added exports by sector (% change / contribution to ∆VAX in percentage points).
∅ 2000-2008 2008-2009 2009-2010 2010-2011 Regarding the relative contribution of final demand and vertical specialisation to sectoral value added export growth prior to the crisis there are no strong disparities between sectors and the overall picture is very much in line with the figures of aggregate value added exports. 9 During the crisis year sourcing changes became a major factor for the decline in value added exports of almost all sectors. Changes in international production sharing for most services sectors (non-market services, non-tradable market services, transport and communication) accounted for 38% to almost 50% of the drop in value added exports. Manufacturing sectors (low technology, medium-low technology, medium-high and high technology) were likewise hard hit by sourcing changes (between 33% and 59%). This is a remarkable result which highlights that focusing on final demand changes falls short of accounting for the great trade collapse in value added exports in very much every sector. In the year after the crisis most sectors saw above average contributions of sourcing changes compensating for some but not all of the decline during the crisis. What is striking is that the growth of value added exports of some sectors, in particular services, was hampered by changes in sourcing decisions. This was particularly true for value added exports of the construction and business services sector which includes financial intermediation suggesting that firms may have reduced or postponed these "non-essential" services expenditures in the aftermath of the crisis.
While our results qualify the findings by Bems et al. (2011) , they are consistent with what we know about the structural differences between gross and value added trade. Johnson and Noguera (2012) show that the share of services value added in total value added exports is substantially higher than the share of direct services exports in total gross exports of a country. This is due to the fact that services sectors often provide intermediate inputs to goods exporters whereas direct services exports are hampered, for example, due to linguistic and legal barriers. As a consequence services sectors indirectly benefit from and contribute to the export success of goods exporters. In turn, our findings highlight that demand shocks hitting direct goods exporters are transmitted to service input providers further upstream in line with theoretical models on the origins of aggregate fluctuations (Horvath, 2000; Acemoglu et al., 2012) .
Discussion
What ultimately lies at the heart of the changes in international production sharing is the most pressing question that comes out of our study. In this section we argue that price changes, inventory adjustments, intra-sectoral composition effects or an increase in protectionism were unlikely to be the main driver for the observed contribution of ∆L to the decline in value added trade in 2009.
All of the literature on trade in value added considers nominal flows since global input-output tables are currently only available in current prices. This implies that changes in the relative prices of different sectors (e.g. commodities versus manufactures) may potentially have a bearing on our results. The literature on the great trade collapse has documented that the price of manufactures/differentiated goods increased (Haddad et al., 2010) or remained broadly stable (Gopinath et al., 2012) while the prices of other goods declined substantially in the crisis year. If price changes were the only factor accounting for the contribution of ∆L, ceteris paribus, this suggests that sectors whose prices increased relative to those of other sectors should have benefited from changes in international production sharing. However, the results in Table 7 indicate that value added exports of all sectors were negatively impacted by changes in vertical specialisation. On the whole, manufacturing industries were not even less affected than other sectors. Only the large contribution of ∆L to the decline in mining and utilities value added exports is off-shoring dynamics in this sector.
consistent with the sharp fall in commodity prices during the global recession (Baldwin, 2009) . Overall, this suggests that price changes are unlikely to have played a major role for explaining the contribution of ∆L to the collapse in value added trade during the crisis with the exception of mining and utilities value added.
Changes in inventories have been proposed to have played an amplifying role during the great trade collapse (Alessandria et al., 2013 (Alessandria et al., , 2011 Altomonte et al., 2012) . In input-output tables final demand changes already include inventory adjustments and the more than proportional decline of inventory demand accounted for a sizeable share of the component mix in the final demand composition (Table 4) .
Inventory adjustments may also have additionally affected the international sourcing structure, L, during the crisis by firms drawing on their inventories rather than purchasing intermediates from their suppliers.
However, two points speak against the hypothesis that ∆L can be fully accounted for by inventory adjustments. First, while the inventory adjustment component in final demand rebounded rapidly in the year after the crisis (Table 4) , the observed changes in L were of a more persistent nature and had not reached their pre-crisis level by 2011. Second, an inventory account predicts the absence of an effect of ∆L on services value added due to their non-stockable nature. On the contrary, services value added was also strongly affected by changes in L during the crisis (Table 7) .
In theory, changes in the sourcing structure of a given sector could also be due to changes in the sectoral composition of firms differing in the degree of intermediate inputs sourced from domestic and foreign suppliers. If an intra-sectoral composition effect were to account for the observed contribution of ∆L, we would expect output of firms with a relatively higher import content to decline more than output of those with a relatively lower import content. Although to our knowledge this question has not been addressed directly in the literature, indirect evidence from existing studies is inconsistent with this line of argument. Firms with a high import content are usually more productive, with better access to credit and also more likely to export than firms that import fewer of their intermediate inputs (Andersson and Lf, 2009; Kasahara and Lapham, 2013; Silva, 2011) . Evidence from various studies (Grg and Spaliara, 2014; Behrens et al., 2013; Bricongne et al., 2012) suggests that particularly these firms weathered the crisis better than others, i.e. the opposite of what a compositional account would predict. This implies that intra-sectoral composition effects are unlikely to account for the observed changes in L (Table 1) .
Previous studies have investigated whether a rise in protectionism contributed to the great trade collapse. At first sight our finding that on average sectors increased the relative share of intermediate inputs sourced from national suppliers at the expense of intermediates purchased from international suppliers may be interpreted to be evidence in favour of the protectionism hypothesis. However, previous studies document that the effect of an increase in protectionism appears to have been relatively minor quantitatively. For example, Kee et al. (2013) find that changes in protectionism account for only 2% of the great trade collapse. This suggests that the reorganisation of production is unlikely to be related to a rise in protectionist policies.
A more likely explanation of the observed changes in vertical specialisation appears to be related to firms' unfavourable financing conditions during the crisis and its ramifications on the sourcing of intermediate inputs. For gross trade it has been shown that adverse credit supply conditions played a significant role in explaining the contraction in trade volumes during the crisis (Bricongne et al., 2012; Behrens et al., 2013; Chor and Manova, 2012) . In particular, Bricongne et al. (2012) document that many of the most affected products were intermediate goods. This would lead to a decline in international production sharing in our framework if inputs sourced from national suppliers did not decline to the same extent, which is probable given that they are less likely to be affected by financing conditions.
The observed persistence of the decline in vertical specialisation is also in accordance with a financial explanation since the supply of credit remained tight or even continued to decline in the years after the financial crisis, for example in the euro-area, making liquidity management a top priority for firms (Campello et al., 2011) . Alternatively, differences between intra-group trade and arms-length trade in intermediates could potentially account for the fast decline and slow recovery in international production sharing. Using a French firm-level dataset Altomonte et al. (2012) show that during the trade collapse intra-group trade in intermediates was characterised by a faster drop followed by a faster recovery than arms-length trade. Finally, changes in the pre-crisis trend of production relocation and incipient backshoring activities may also have played a role (Kinkel, 2012) . Looking to the future, additional studies on the determinants of the sourcing of intermediate inputs as well as outsourcing decisions at the firm-level -along the lines of (Kee and Tang, 2014 ) -during economic crises would be highly desirable in order to better understand the variation in production sharing at the global level.
Concluding remarks
This paper provides a nuanced view of the great trade collapse and quantifies the contribution of the proximate factors that led to the changes in value added trade in the last decade. Our first contribution is that we are the first to show that changes in (international) production sharing accounted for almost half of the great trade collapse while previous studies have mainly emphasised the importance of final demand.
The decline in vertical specialisation during the crisis may also partially account for the observed decrease in global trade elasticities in recent years. Second, we propose a novel decomposition of changes in final demand that allows us to quantify the effect of a variety of compositional changes. In addition to the well-known goods and component specific demand changes, we identify a third compositional factor of quantitative importance which captures the fact that demand for goods and services of countries with a strong degree of cross-border linkages declined most. Finally, we show that the dichotomy between services and manufacturing sectors observed in gross exports during the great trade collapse is not apparent in value added trade data. This highlights that services sectors that are suppliers of inputs to direct exporters are likely to be much more vulnerable to external shocks than is generally acknowledged. Studies at the firm-level on the international organisation of production in times of crisis provide a promising avenue for future research.
